Introduction

43
In teleosts, like zebrafsh (Danio rerio), cortisol is the main endogenous corticosteroid, which is Finally, to assess the role of the GR in more detail, we exposed fertilized eggs 0-6 hpf to 102 dexamethasone, a specific GR agonist (Rupprecht et al., 1993) .
103
To functionally assess the activity of the immune system following early life exposure to 104 cortisol or dexamethasone, we used two experimental models for immune activation. First, we used 162 2.3 Baseline gene expression analysis.
163
Following 0-6 hpf exposure to the different media, larvae of the AB and TL strain were sampled for 164 gene expression at 5 dpf between 16:00 hrs and 19:00 hrs (van den Bos et al., 2019; experimental 165 time-line: figure 1 ). Genes of interest were: socs3a, mpeg1.1, mpeg1.2 and irg1l (for primer 166 sequences of these genes: see van den Bos et al., 2017a) . Gene expression was determined by 167 qPCR analysis as described below. The tail fin amputation assay was performed using the double transgenic fish line 171 Tg(mpx:GFP/mpeg1:mCherry-F; Bernut et al., 2014; Renshaw et al., 2006) . Three-day-old zebrafish 172 larvae were anaesthetized in E3 medium containing 0.02% buffered tricaine and loaded onto 2% figure 3A ). Larvae were fixed in 4% paraformaldehyde in PBS at 4 hours post amputation (hpa) 177 and stored overnight at 4°C. The following day larvae were washed twice for one minute and then 178 twice for five minutes in PBS containing 0.01% Tween 20 (Sigma Aldrich, Zwijndrecht, the 179 Netherlands).
180
A Leica M205FA fluorescence stereomicroscope supported by LAS software (version 4.12.0; 181 Leica Microsystems BV, Amsterdam, the Netherlands) was utilised to visualise the leukocytes.
182
Detection of neutrophils and macrophages was based on their fluorescent GFP and mCherry signals 183 respectively. To quantify cell migration towards the wounded area, cells within a distance of 200µm 184 from the amputation site were counted manually, as previously described (Xie et al., 2019) . Data First, we conducted a pilot study to assess the optimal LPS dose, exposure duration and parameters et al., 2017) . Incubation for 30 minutes in 150 µg/ml LPS (B11.04; Sigma Aldrich, Zwijndrecht, the 192 Netherlands) was effective in eliciting a robust increase in il1β expression (assessed using qPCR 193 analysis), changes in tail fin morphology (swollen or damaged tails) and increased levels of reactive 194 oxygen species (ROS; measured by a fluorescent labelling method according to Philip et al., 2017) .
195
Hence, we used this dose in subsequent experiments.
196
Subsequently, two experiments were conducted. In both experiments 4 dpf larvae were 197 exposed to 150 µg/ml LPS (B11.04; Sigma Aldrich, Zwijndrecht, the Netherlands) in E2 medium or 198 control E2 medium for 30 minutes in Petri dishes (n=50 in 25 ml; experimental time-line: figure 1).
199
Following this exposure, LPS-containing medium or control E2 medium was replaced by fresh E2 200 medium (larvae were rinsed two times to ensure that the original media were removed). Larvae either 201 remained in the Petri dishes for sampling for gene expression at later time points or were transferred 202 individually to 24 wells plates (Greiner Bio-One BV, Alphen a/d Rijn, the Netherlands) for assessing 203 phenotypical changes and survival (volume per well: 1-1.5 ml). Six treatment groups were thus 204 created: 0-6 hpf control, cortisol or dexamethasone treatment, combined with either 4 dpf LPS or 205 control treatment (for 30 min).
206
In the first experiment the level of gene expression at 0 hr, 0.5 hr (i.e. directly following 207 exposure), 1 hr (i.e. 30 minutes after ending exposure) and 3 hrs (i.e. 2.5 hrs after ending exposure;
208 Novoa et al., 2009) was determined by qPCR analysis as described below. Genes of interest (see 209 papers by: Hsu et al., 2018; Kanwal et al., 2013; Novoa et al., 2009; Philip et al., 2017) were genes 210 encoding proteins involved in barrier function of the vascular endothelium (cldn5a, cldn2, oclnb), Toll-211 like receptors (tlr2, tlr4ba, tlr4bb, tlr5a, tlr5b) , and regulators of the immune response (il1β, il10, 212 myd88, cxcr4a, cxcr4b, ptpn6) . Primer sequences are listed in Table 1 .
213
In addition, in the first experiment survival and phenotypical changes were determined at 0, 4 214 (i.e. 3.5 hrs after ending exposure) and 28 hrs (i.e. 27.5 hrs after ending exposure). Phenotypical 215 changes included (see Philip et al., 2017) : changes in tail fin morphology (normal, swollen (oedema) 216 or damaged), presence of heart oedema and changes in shape (straight or curved). In the second 217 experiment (that also served as replicate for the first experiment) survival and phenotypical changes 218 were measured at 0, 0.5, 1, 3, 6 and 24 hrs (i.e. before exposure, directly after exposure, 0.5 hrs after 222
Gene expression analysis
223
For the assessment of gene expression levels by qPCR analysis, 3-5 larvae were transferred to a 2-ml 224 Eppendorf tube; thus, one sample contained material from 3-5 larvae. Residual medium was removed 225 with a pipette, tubes were snap frozen in liquid nitrogen, kept on ice during the sampling procedure,
226
and subsequently stored at -80 °C until total RNA extraction.
227
RNA isolation, RNA preparation, removal of genomic DNA from the samples and synthesis of 228 cDNA was performed according to the protocol described in van den Bos et al. (2017a) . Total RNA 229 content of each sample was isolated. This was done by homogenising the tissue with 400 µl Trizol 230 reagent (Invitrogen, Carlsbad, USA) in a Grinding Mill (Retsch GmbH, Germany) for 20 s at 20 Hz.
231
After homogenisation, samples were kept at room temperature for 5 min. Next, 80 µl chloroform was 232 added and the solution was mixed by shaking for 15 s. Afterwards, samples were kept at room 233 temperature for 2 min. The samples were centrifuged at 14,000 rpm for 10 min in a cooled centrifuge 234 (4°C) and the aqueous phase of the samples was transferred to a new tube. To this phase, 200 µl 235 isopropanol was added and this solution was mixed well by inversion of the tube. The solution was 236 then stored at -20°C for 2 h and centrifuged afterwards for 15 min at 14,000 rpm in a cooled centrifuge 237 (4°C). The supernatant was decanted and the pellet washed with 500 µl 75% ethanol and centrifuged 238 10 min at 14,000 rpm in a cooled centrifuge (4°C). The supernatant was decanted, after which the 239 pellet was centrifuged for 5 s to remove all the remaining supernatant using a pipette. The pellet 240 containing the RNA was air-dried for 10 min at room temperature and afterwards dissolved in 100 µl 241 ice cold DEPC-treated dH2O. To this RNA solution, 10 µl 3M NaAc (pH 5.4) and 250 µl 100% ethanol 242 were added. The solution was mixed by inverting the tube and samples were stored for 2 h at -20°C.
243
Subsequently, the samples were centrifuged for 15 min at 14,000 rpm in a cooled centrifuge (4°C), 244 and the supernatant was decanted and the pellet washed washed as described earlier. Finally, the 245 RNA pellet was dissolved in 15 µl DEPC-treated dH2O. The concentration and quality of RNA in each 246 sample were measured using a nanodrop spectrophotometer at 260 nm wavelength (Nanodrop, 1 µl (1 U/µl) amplification grade DNase I (both from Invitrogen, Carlsbad, USA). The resulting mix was 252 incubated for 15 min at room temperature. Afterwards, 1 µl 25 mM EDTA was added to stop the 253 DNase reaction and the reaction mix was incubated for 10 min at 65°C and returned on ice.
254
After the DNase treatment, samples were used to synthesize cDNA by the addition of 1 µl 255 random primers (250 ng/µl), 1 µl 10 mM dNTP mix, 4 µl 5 x 1st strand buffer, 1 µl 0.1M DTT, is suited for factor analysis (Budaev, 2010) . Component scores were saved and used for further For the basal gene expression values a two-way or three-way Analysis of Variance (ANOVA) 281 was run with treatment, strain or batch (where applicable) as independent factors. In the tail fin 282 amputation assay a Student's t-test was run on the number of neutrophils or macrophages at 4 hpa 283 comparing 0-6 hpf treatment groups (cortisol versus control; dexamethasone versus control).
284
In the LPS exposure experiment, for gene expression a multivariate analysis of variance (MANOVA) 285 was run (to account for multiple comparisons) followed by univariate analysis of variance (0-6 hpf 286 treatment and time as independent factors followed by post-hoc testing (Tukey HSD)). In addition per 287 time point a one-way ANOVA was run with 0-6 hpf treatment as factor followed by post-hoc testing 288 (Tukey HSD).
289
In the LPS exposure experiment differences in survival rate were assessed using the Kaplan-
290
Meijer procedure (Log Rank Mantel-Cox). Differences in phenotypical changes were compared using 291 Chi-square tests.
292
Significance was set at p≤0.05 and trends are indicated (p≤0.10) where appropriate; ns: not 
297
Baseline gene expression analysis
298
Rather than analysing transcript abundance of different genes following glucocorticoid treatment 299 (cortisol or dexamethasone, 0-6 hpf) separately, we explored the effects of exposure through the 300 interrelationships of transcript abundance of genes using PCA.
301
A PCA for the 0-6 hpf cortisol treatment experiment revealed two components (figure 2A; 302 supplementary figure 1A shows the transcript abundance of individual genes). The KMO value was 303 sufficiently high (0.522) and Bartlett's test of sphericity was highly significant (Chi-square=17.707, 304 df=6, p≤0.007), indicating that the data were adequate for a PCA. The first component (explaining 305 44.0% of the variance) was comprised of irg1l (loading: 0.854) and socs3a (loading: 0.890); the 306 second component (explaining 28.9% of the variance) of mpeg1.1 (loading: 0.890) and mpeg1.2 abundance was overall higher in TL than AB larvae (strain: F(1,23)=7.023, p≤0.014). Treatment (0-6 311 hpf) with cortisol enhanced transcript abundance of genes in component 2 (mpeg1.1 and mpeg1.2) 312 independent of strain (three-way ANOVA (strain, treatment, batch): treatment: F(1,23)=7.660, 313 p≤0.011).
314
A PCA for the 0-6 hpf dexamethasone treatment experiment revealed only one component 
322
These data show that glucocorticoid treatment was effective in eliciting changes in baseline 323 expression of (a selected set of) immune-related genes. In the LPS exposure experiments, we never observed any morphological changes or mortality in the 4 336 dpf control groups. Hence, we only present the data of the 4 dpf LPS-treated groups. Figure 3 shows 337 the survival data of both LPS exposure experiments. Only 27.8% of the 0-6 hpf control-treated larvae survived following glucocorticoid treatment 0-6 hpf appeared to be higher (Log Rank Mantel Cox; first 341 LPS exposure experiment: overall Chi-square=20.863, df=2, p<0.001; second LPS exposure 342 experiment: overall Chi-square=5.824, df=2, p≤0.054). Pair-wise comparison revealed that (1) In the first LPS exposure experiment phenotypical changes were measured at 4 and 28 hrs, i.e. 3.5 352 hrs and 27.5 hrs after ending exposure. Table 2 shows the numbers of dead larvae and of larvae that 
359
While the scores at 4 hrs suggested that the LPS-induced effects were less strong in 360 glucocorticoid-treated larvae than in control-treated larvae, this was not (as yet) significant (Chi-361 square=5.81, df=2, ns). LPS-induced effects were less strong in glucocorticoid-treated larvae than in 362 control-treated larvae at 28 hrs (overall Chi-square=25.33, df=2, p<0.001). Pair-wise comparison 363 showed that both cortisol-treated (Chi-square=18.05, df=2, p<0.001) and dexamethasone-treated 364 (Chi-square=18.34, df=2, p<0.001) groups showed fewer dead and fewer malformed larvae than 365 control-treated subjects following LPS exposure.
366
In addition to the phenotypical changes that we studied, we measured expression levels of 367 genes related to endothelial barrier function (clnd5a, clnd2 and oclnb). Transcript abundance of clnd5a factor; treatment: F(2,36)=9.815, p<0.001; figure 5A ). Transcript abundance of clnd2 was lower in 371 cortisol-treated (Tukey HSD: p≤0.034) and dexamethasone-treated larvae (Tukey HSD: p≤0.093) 372 compared to control-treated larvae (two-way ANOVA; treatment and time as independent factor; 373 treatment: F(2,36)=9.815, p<0.001; figure 5B ). At 3 hrs transcript abundance of clnd2 was higher than 374 at other time points in all treatment groups (Tukey HSD; p<0.001; time: F(2,36)=13.425, p<0.001).
375
Transcript abundance of oclnb was lower in cortisol-treated and dexamethasone-treated larvae than in 376 control-treated larvae at baseline (0 hr), but higher at 3 hrs following LPS exposure (two-way ANOVA; 377 treatment and time as independent factor; treatment *time: F(3,36)=6.404, p<0.001; figure 5C ).
378
In the second LPS exposure experiment we measured changes in tail fin morphology and 379 shape as we hardly observed any oedema in the heart cavity in the first LPS exposure experiment.
380 Figure 6 shows the changes in tail fin morphology following LPS exposure. In control-treated larvae 381 there was a clear and rapid loss of normal tail fin structure and a shift towards swollen or damaged tail 382 fins, while this was not the case in the glucocorticoid-treated larvae. Statistical analysis showed that at 383 3 hrs (Chi-square=10.25, df=4, p≤0.036), 6 hrs (Chi-square=10.27, df=4, p≤0.036) and 24 hrs (Chi-384 square=10.25, df=4, p≤0.042) treatment groups differed significantly from one another. More in 385 particular, both cortisol-treated larvae (3 hrs: Chi-square=5.16, df=2, p≤0.076; 6 hrs: Chi-square=6.94, 386 df=2, p≤0.03; 24 hrs Chi-square=5.77, df=2, p≤0.056) and dexamethasone-treated larvae (6 hrs: Chi-387 square=6.98, df=2, p≤0.03; 24 hrs Chi-square=6.53, df=2, p≤0.038) showed less severe changes in 388 tail fin morphology than control-treated larvae. We did not observe a strong effect of LPS exposure on 389 the shape of the larvae. After 24 hrs only small percentages of each treatment group showed a curved 390 shape: control-treated larvae (see supplementary table 2 for all time points): 15.8% (n=19); cortisol-391 treated larvae: 8.3% (n=24); dexamethasone-treated larvae: 9.1% (n=22); these differences were not 392 significant (Chi-square=1.71, df=2, ns).
394
Gene expression analysis 395 First, we explored the effects of glucocorticoid treatment through the interrelationships of transcript 396 abundance of genes using PCA. Then in each component, we selected genes of interest of which the A PCA revealed three components explaining in total 72.9% of variance (supplementary table   400 3). The KMO was sufficiently high (0.619) and Bartlett's test of sphericity was highly significant (Chi-401 square=303.010, df=55, p<0.001) indicating that the data were adequate for a PCA.
402
The first component, explaining 32.9% of the variance, consisted of the genes of different Toll-403 like receptors: tlr2 (factor loading: 0.677), tlr4ba (0.669), tlr4bb (0.764), tlr5a (0.779) and tlr5b (0.838).
404
The overall pattern of the factor regression scores across time was an inverted U-shape: a two-way 405 ANOVA (independent factors: time and treatment) for this component revealed a highly significant 406 effect of time (F(3,36)=15.502, p<0.001) with time points 0 hr and 3 hrs having significantly higher 407 factor regression scores than time points 0.5 hr and 1 hr (Tukey HSD; supplementary Table 3 ). Only 408 weak effects were found between the different treatments (F(2,36)=3.012, p≤0.062; F(6,36)=2.038, 
437
The data of this study showed that treatment of zebrafish embryos with cortisol or dexamethasone 438 during the first six hours after fertilization modulated the function of the immune system and thereby 439 enhanced survival after an immune challenge. This suggests that in zebrafish maternal stress through 440 enhancing oocyte cortisol levels and thereby increased GR stimulation leads to an adaptive response 441 to immune challenges.
443
Baseline expression of immune-related genes 444
Hartig and colleagues (2016) have shown that 5-day exposure to (1 µM) cortisol in zebrafish 445 embryos/larvae (0-5 dpf) enhanced baseline expression of immune-related genes such as of socs3a, 446 mpeg1 and irg1l at 5 dpf. Here, we show that exposure at the first six hours of life (0-6 hpf) is already 447 sufficient to induce enhanced baseline expression of these genes at 5 dpf. As GR is the only 448 corticosteroid receptor present in these early life stages (Alsop and Vijayan, 2008; Pikulkaew et al., 449 2010 Pikulkaew et al., 449 , 2011 , this suggests that activation of GR in these early stages is responsible for mediating 450 these effects. Indeed, we show that 0-6 hpf exposure to the specific GR agonist dexamethasone 451 enhanced baseline expression of these immune-related genes in 5 dpf larvae as well. This is in 452 general agreement with data from studies showing that exposure of embryos/larvae to other GR 453 agonists (for variable time-periods from fertilisation) increased baseline expression of (some of) these 454 genes (Willi et al., 2018 (Willi et al., , 2019 Zhao et al., 2016) .
455
We have previously observed that 0-6 hpf exposure to cortisol enhanced baseline levels of 456 cortisol at 5 dpf in larvae of the AB strain but not in larvae of the TL strain (van den Bos et al., 2019) . that the effects on the expression of immune-related genes in AB and TL larvae are independent of 460 baseline levels of cortisol.
461
While we have previously observed substantial differences between larvae of the AB and TL 462 strains in gene expression, physiology and behaviour (van den Bos et al., 2017a Bos et al., , 2017b Bos et al., , 2019 Bos et al., , 2020 , It has been shown that tail fin amputation in 3 dpf larvae leads to a rapid recruitment of macrophages 470 (within 2 hpa) remaining at a plateau for at least 24 hours thereafter, while the number of neutrophils 471 reaches a peak 4 hpa declining thereafter (Chatzopoulou et al., 2016) . Here, we observed that 472 dexamethasone increased the number of neutrophils at 4 hpa, while it had no effect on the number of 473 macrophages at 4 hpa. These data suggest that pre-exposed subjects mount a stronger response to 474 injury, possibly enhancing protection against invading micro-organisms (Hall et al., 2014) .
475
Dexamethasone, but not cortisol, exposure was effective in increasing the recruitment of 476 neutrophils. Two explanations may be forwarded for this. First, this may be related to 477 dexamethasone's higher affinity for GR (Rupprecht et al., 1993) . In line with this we observed 478 enhanced expression of FK506 binding protein 5 (fkbp5), a marker for levels of GR stimulation (e.g.
479 Willi et al., 2018 Willi et al., , 2019 in dexamethasone-exposed embryos, but not cortisol-exposed embryos 480 (Althuizen, 2018; van den Bos et al., 2019) . Second, it has been shown neutrophil recruitment, but not 481 macrophage recruitment, is sensitive to acute treatment with GR agonists, including cortisol, which 482 decreases the number of neutrophils at 4 hpa (Chatzopoulou et al., 2016; Hall et al., 2014; Xie et al., 483 2019) . We have observed that baseline levels of cortisol are enhanced following cortisol but not 484 dexamethasone treatment (Althuizen, 2018; van den Bos et al., 2019) . Hence, in the case of cortisol 485 pre-exposure enhancement of neutrophil recruitment through GR stimulation (as indicated by the 486 effect of dexamethasone) may potentially be offset at 3 dpf by the higher baseline levels of cortisol. If suggests lower permeability due to more protective leaky pathway activity (Kása et al., 2015;  520 Odenwald and Turner, 2013; Shen et al., 2011; Yoseph et al., 2016) . It has been shown that 24 hours 521 following LPS challenge in zebrafish larvae the expression of oclnb is strongly up-regulated facilitating 522 tissue-repair (Hsu et al., 2018) . Again, the data support the milder phenotypical effects that we see 523 following LPS exposure in cortisol-treated and dexamethasone-treated subjects compared to control-524 treated subjects.
525
To explore the underlying mechanisms of glucocorticoid treatment we measured the 526 expression of a series of genes of interest and related their expression to the outcome of the 527 phenotypical changes and mortality. Five genes stood out in this respect, reflecting two receptors 528 (tlr4bb and cxcr4a), a factor involved in the transduction pathway of the expression of cytokines 529 (myd88) and two cytokines (il1β and il10).
530
While LPS exerts its effects through transduction mechanisms following binding to TLR4 in 531 mammals (Goulopoulou et al., 2015; Kása et al., 2015) , in zebrafish this is not clear as yet: tlr4ba and 532 tlr4bb have been suggested to be paralogues rather than homologues and TLR4BA and TLR4BB 533 have thus far not been shown to be activated by LPS possibly by lack of a binding site for LPS 534 (Sepulcre et al., 2009; Sullivan et al., 2009) . However TLR4BB has been shown to be involved in 535 inflammatory processes as tlr4bb transcript abundance is increased following tail fin amputation 536 (Chatzopoulou et al., 2016) . Here, we observed an increase in tlr4bb expression in 0-6 hpf control-537 treated subjects over time, accompanied by a strong inflammatory response, which was less strong in 538 0-6 hpf cortisol-treated or dexamethasone-treated subjects, accompanied by a milder inflammatory 539 response. This suggests a role for TLR4BB in the LPS-induced response.
540
In humans CXCR4 has been implicated in recognition of LPS or being part of a 'LPS sensing 541 apparatus' in addition to TLR4 (Triantafilou et al., 2001 , 2008 . Furthermore, LPS increases the 542 expression of cxcr4 through an NF-κB signalling pathway associated with increased micro-vascular 543 leakage in the lungs (Konrad et al., 2017) or increased colorectal tumor metastasis (Liu et al., 2017) .
544
Here, we observed an increase in cxcr4a expression in 0-6 hpf control-treated subjects over time,
545
which was absent in 0-6 hpf cortisol-treated or dexamethasone-treated subjects. This difference in 546 gene expression may be associated with differences in the extent of vascular leakage as suggested 547 by the differences in the expression of genes involved in the endothelial barrier and differences in tail (blood vessels), while cxcr4b is not (Wei Chong et al., 2001) , which may explain that we only observed 550 a phenotype-related effect for the expression profile of cxcr4a. Interestingly, CXCR4 has been 551 implicated in the development of tolerance to lethal doses of LPS in zebrafish larvae (Dios et al., 2014;  552 Novoa et al., 2009) . Thus, this suggests that CXCR4 is involved in modulating the response to LPS.
553
Overall therefore our data warrant further studies into the role of TLR4BB and CXCR4 in LPS-554 induced sepsis in zebrafish as well as into the effects of early life glucocorticoid stimulation hereon.
555
Earlier studies have shown that MYD88 knockout larvae show enhanced survival to LPS 556 challenge (Hsu et al., 2018) and no increase in il1β expression (van der Vaart et al., 2013) . Lethal, but 557 not sub-lethal, doses of LPS have been found to be associated with high expression levels of il1β and 558 il10 in zebrafish larvae, indicative of a hyper-inflammatory response (Dios et al., 2014) . In line with 559 these findings we observed that the expression levels of myd88, il1β and il10 were strongly increased 560 3 hours after LPS challenge associated with low survival in 0-6 hpf control-treated subjects, but lower 561 levels of expression of all three genes with higher survival in 0-6 hpf cortisol-treated and 562 dexamethasone-treated subjects. Myd88 is an adaptor protein critical to toll-like receptor signalling 563 (except for TLR3; Goulopoulou et al., 2016) and IL1β receptor signalling (see Kanwal et al., 2013; van 564 der Vaart et al., 2013) and thereby cytokine expression. It should be noted that myd88 expression was 565 already low in 0-6 hpf cortisol-treated and dexamethasone-treated subjects, suggesting lower 566 transduction pathway activity, possibly leading to a lower stimulation of inflammatory pathways. It is 567 clear that this deserves further study.
568
As indicated above following cortisol or dexamethasone treatment at 0-6 hpf we noted 569 increased base-line expression levels of irg1l, socs3a, mpeg1.1 and mpeg1.2 compared to control 570 treatment at 0-6 hpf. These increased base-line levels may aid in increased clearance of bacteria and 571 preventing excessive inflammation and hence aid in increasing survival (Benard et al., 2015; Hall et 572 al., 2014; Jo et al., 2005) .
573
The data of LPS exposure in larvae observed here seem to match the data of LPS exposure 574 in adult zebrafish following 0-5 dpf exposure to cortisol: LPS exposure did not increase il1β expression 575 in different tissues measured (Hartig et al., 2016) . Unfortunately no survival was measured in the latter 576 study.
differences in survival, phenotype and gene-expression levels are causally related remains to be 580 studied. As we have observed that 0-6 hpf exposure to dexamethasone had no effect on baseline 581 levels of cortisol at 5 dpf in larvae of the AB strain (Althuizen, 2018), the data suggest that these 582 effects are independent of baseline levels of cortisol.
584
Limitations
585
A clear limitation is that we only used one dose of cortisol and dexamethasone. For convenience we 586 used equimolar doses of cortisol and dexamethasone, which may have led to different levels of 587 stimulation of GR 0-6 hpf. Thus, in future studies different dose-ranges may be warranted, e.g. to 588 study whether higher concentrations of cortisol in the tail fin amputation assay have an effect on 589 neutrophil recruitment.
590
Regarding the tail fin amputation assay it has been shown that glucocorticoids may play a role 591 in the differentiation of macrophages into a pro-inflammatory (M1) phenotype (Xie et al., 2019) . So,
592
future studies should study in more detail the effects of early life exposure of glucocorticoids on the 593 inflammatory response and wound healing. Similarly, we used LPS to induce a hyper-inflammatory 594 response, i.e. sepsis (Hsu et al., 2018; Philip et al., 2017) , as a model to study the effectiveness of our 595 early life treatments. To assess the ecological relevance of our findings and their more general nature 596 the effects of early-life exposure on larval exposure to different pathogens, such as of bacterial, viral or 597 fungal origin, should be studied (see e.g. Meijer and Spaink, 2011; van der Vaart et al., 2013) .
598
We observed a variable response to the LPS challenge in the two exposure series. This is not 599 uncommon as we also observed variable responses in other immune-related paradigms such as the 600 response to a dextran sodium sulphate (DSS) challenge (van den Bos et al., unpublished 601 observations). While as yet speculative differences in baseline levels of expression of il1β may be one 602 associated factor as we observed that higher baseline levels seem associated with milder responses 603 to LPS (van den Bos et al., unpublished data) . This is not unprecedented as this has also been 604 observed in mice: enhanced levels of IL1 are associated with a milder response to LPS (Alves-Rosa et may vary from experimental series to series. It is clear that this warrants further studies. It has been 610 suggested that tuning the innate immune system occurs through chromatin modifications (see e.g.
611
Foster et al., 2007; Galindo-Vargas et al., 2012; Netea et al., 2016 Netea et al., , 2017 . Our future studies are 612 directed at understanding the variable responses in this context.
613
The immune system affects HPI-axis activity and vice versa (Wendelaar Bonga, 1997) .
614
However, we did not address changes in HPI-axis activity as a consequence of our procedures (tail fin 615 amputation or LPS exposure) in this study as the primary aim was to study whether our pre-treatments 616 would affect immune function. Still changes in HPI-axis activity may be anticipated. For example, a 617 recent study showed in European sea bass (Dicentrarchus labrax) larvae 5 day post-hatching that at 618 120 hours following infection with the bacterium Vibrio anguillarum, when mortality was already high,
619
HPI-axis activity increased (Reyes-López et al., 2018) . This increased activity coincided with 620 increased expression of pro-inflammatory and anti-inflammatory genes. While the underlying 621 mechanism was not clear as yet, the data show that infections may impact HPI-axis activity. It has 622 been shown that early-life exposure to cortisol dampens the response of the HPI-axis to stressors in 623 zebrafish larvae (Nesan and Vijayan, 2016) . Hence, future studies should address how early-life 624 exposure to cortisol affects the relationship between immune function and HPI-axis activity, and how 625 this relates to the increased survival that we have observed here.
626
We have used 0-6 hpf cortisol exposure by the medium as a model or proxy of increased 627 oocyte levels of cortisol due to chronic stress in mothers (van den Bos et al., 2019) , while others have 628 used micro-injection of cortisol in the yolk of single-cell embryos (Best et al., 2017; Nesan and Vijayan, 629 2012, 2016) . Chronic stress, whether due to excessive predation, food shortage, crowding or out-of-630 range-temperatures, is associated with increased levels of cortisol (Wendelaar Bonga, 1997) and at 631 this level these procedures may be a valid approach of mimicking maternal stress. Still, these different 
